Experimental
Introduction
Staphylococcus aureus is an important cause of food poisoning, pneumonia, wound infections and nosocomial bacteraemia for humans (Tiemersma et al., 2004) . The methicillin resistance of S. aureus is mediated by positive mecA gene, which encodes penicillin-binding protein 2a (PBP2a) (Chambers, 1997) . Among food animals, pigs have been implicated as one source of potential infections to humans, including farmers, slaughterhouse workers, and veterinarians who are in frequent contact with MRSA-colonized pigs (Voss et al., 2005; Huijsdens et al., 2006; Wulf et al., 2008) . A subsequent worrisome report indicated that 40% of pigs from the Netherlands carried MRSA CC398 in their nostrils (de Neeling et al., 2007; van Duijkeren et al., 2008) . This observation has been confirmed by a number of studies in other countries, including Belgium (Denis et al., 2009) , Denmark (Guardbassi et al., 2007) , Germany (Whitte et al., 2007) , the USA (Smith et al., 2009) , and Singapore (Sergio et al., 2007) . Especially pigs and also pig farmers and their families were found to be colonized with MRSA and in the Netherlands contact with pigs is now recognized as a risk factor for MRSA carriage (Van Duijkeren et al., 2008) .
In addition, there is rather little knowledge of MRSA carriage related to the age of pigs. Therefore this study is the first description of the presence of MRSA in several age groups of pigs in Latvia. The aim of the study was to find out the occurrence of MRSA in several age groups of pigs, in environment and evaluate antimicrobial resistance and see if there any differences or similarities to other European countries. 384 amount of pigs. All three farms were closed pig farms without any other commercially bred farm animals presented and were located in different areas of Latvia. These farms had farrow-to-finish pig production with size varying from 1500 to 12000. Each farmer also completed a questionnaire on farm size, internal and external biosecurity measures and antimicrobial drug use over the preceding 6 months. The characterising of each pig complex is described in Table I . The body condition of swine was scored according to Stockmanship standards (Carr, 1998) . Evaluation of animal welfare, hygiene, and microclimate conditions in pig complexes were based on Council Directive 2008/120/EC of 18 December 2008 laying down minimum standards for the protection of pigs and microclimate standards according to Muirhead (Muirhead et al., 2013) suggestions.
Sample collection. Pigs were divided into four groups: pre-weaned piglets with sows, 3-3.5 month old piglets, 4-4.5 month old piglets and fattening pigs (shortly before slaughter) (see Table II ). There were collected nasal (n = 305) and rectal (n = 305) samples from all farms. There were taken milk samples (n = 69) and air samples (n = 22). In total amount 305 pigs and 716 microbiological samples were investigated.
Samples were taken from randomly selected healthy pigs. Nasal and rectal samples were collected with sterile transport swabs (Meus, IT). Milk samples were collected in 50 ml amount sterile tubes without preservative. Air samples were collected using Baird-Parker Agar plates according to Koch's sedimentation method (Boucher et al., 2010) . The number of sampled environment, workers and pigs per age category per farm is shown in Table II . One swab from each worker was taken from both nares. Environmental samples were obtained in every compartment in. All microbiological samples were stored in 4°C and first isolation was made during 24 hours after sample collection.
Microbiological examination. Microbial examination was performed in the Latvia University of Agriculture (LUA), Faculty of Veterinary Medicine. Samples from transport swabs were transferred on Baird-Parker Agar with egg yolk supplement (Becton, Dickinson, USA), and incubated in 37°C for 24 hours according to LVS EN ISO 6888-1:1999 A1:2003 'Microbiology S. aureus and other species -Part 1: Technique using Baird-Parker agar medium -Amendment 1: Inclusion of precision data. After incubation positive colonies were inoculated on Mannitol Salt Agar (MSA) plates (Biolife, IT) at 37°C for 24 hours and suspended in Brain Heart infusion (BHI) (Acumedia manufacturers Animals and human were considered positive when MRSA was isolated and confirmed with multiplex-PCR form at least one anatomical sampling site. The dominant pig spa-and SCC mec-type was defined as the type that was most abundantly present in pigs per farm.
DNA was isolated by E.Z.N.A. Bacterial DNA Kit following manufacturer's instructions. DNA amount was verify by ND-1000 spectrophotometer. Polymerase chain reaction (PCR) was performed by HotStarTaq® Plus Master Mix Kit following manufacturer's instructions. The primer sequences for the mecA genes were: mecA F: 5'-GTAGAAATGACTGAACGTCCGA TGA-3' and mecA R: 5'-CCAATTCCACATTGTTTC GGTCTAA-3' . Amplification of DNA was performed in a Applied Biosystems 2720 thermal cycler using the following conditions: initial denaturation at 95°C for 5 minutes followed by 35 cycles of denaturation (94°C for 1 min), annealing (55°C for 1 min) and extension (72°C for 1 min), following final extension at 72°C for 10 minutes. The amplicons were separated in a 2% agarose gel. After electrophoresis fragments were checked out by UV transilluminator visualization and photographed for visual prove. MecA positive samples were 310 base pair long. spa typing was performed as has been described (Shopsin et al., 1999) . The spa gene typing was performed through the Ridom Spa server (www. spaserver.ridom.de).
Antimicrobial susceptibility testing. Randomly selected 74 MRSA positive samples were tested for antimicrobial susceptibility by the disk diffusion method using Oxoid™ (Thermo Scientific) Antimicrobial Susceptibility Disks, following recommendations for Clinical and Laboratory Standards Institute (CLSI) for inoculum preparation, inoculation and incubation (CLSI, 2010) .
The interpretation of results was done according to the information provided by Thermo Scientific instruction for each type of antibiotic discs. The following antimicrobial agents were tested: Amoxycillin/clavulanic acid (2:1 AMC; 30 µg), Penicillin V (PV; 10 µg), Oxacillin (OX; 1 µg), Cephalexin (CL; 30 µg), Ciprofloxacin (CIP; 5 µg), Tetracycline (10 µg; 30 µg), Clindamycin (DA; 2 µg), Erythromycin (E; 15 µg), Gentamicin (CN; 10 µg), Trimethoprim/sulphamethoxazole 1:19 (Cotrimoxazole) (SXT; 25 µg), Meropenem (MEM; 10 µg), Vancomycin (VA; 30 µg). After 24 h of incubation at 37°C, inhibition zones were measured in millimetres on Mueller-Hinton agar plates (Oxoid, UK) and interpreted according to the manufacturer directions.
Data statistical analysis. Animals and human were considered positive when MRSA was isolated and confirmed with multiplex-PCR form at least one anatomical sampling site. The dominant pig spa-and SCC mectype was defined as the type that was most abundantly present in pigs per farm. Statistical analysis was conducted using software SPSS 16 (SPSS, INC., Chicago, IL, USA). The analysis of contingency tables based on statistics of Chi-square test for independence was performed to determine whether there is a significant association between different farms, slaughterhouses and pig age groups. The Chi-square test was used to analyse whether the different farms or slaughterhouses and pig age groups were related to S. aureus and MRSA prevalence. Hypothesis of independence was tested at significance level 0.05. Cramér's V coefficient was used to measure the strength of the association between the variables as post-test after chi-square has determined significance. Cramer's V varies between 0 and 1, showing little association between variables close to 0 and indicating strong association between variables close to 1. Bayes' theorem was used to calculate probability to find staphylococci in samples taken from infected pigs.
Results
We isolated 11.9% MRSA positive samples (85 from 716) samples and identified 10 different spa types from all MRSA isolates.
In the present study microorganisms, as shown in Fig. 1 , varied significantly (χ 2 p value < 0.05), S. aureus prevalence at the farm level ranged from 22.9% to 65.4% and MRSA prevalence ranged from 4.2% to 44.2% The highest prevalence of all staphylococci were seen in Farm C: 65.4% S. aureus and MRSA 44.2% positive samples. The lowest prevalence of staphylococci was seen in Farm B: S. aureus 22.9% and MRSA 9.5%.
The prevalence of S. aureus ( Fig. 2. ) in different age groups varied from 33.3% in suckling piglets group to 53.4% in 4-4.5 month old piglet group, but prevalence of MRSA varied from 10.9% in fattening pig group to 31.9% in 4-4.5 month old pig group. The highest prevalence of MRSA positive samples were seen in 4-4.5 and 3-3.5 month old pigs, but prevalence of S. aureus was similar in all age groups except 4-4.5 month age group, where it was for 15.0% to 21.1% higher as in the other groups.
Only 13.3% workers (2 from 15) were MRSA positive. MRSA prevalence in different farms and pig age groups varied from zero to 79.2% (see Table III ). In farm A, where the prevalence of MRSA was lower, MRSA positive pigs were found only in 4-45 month (8.3%) and in fattening pig group (8.0%). In farm B MRSA was not detected in 3-3.5 month pig age group, but the highest amounts of positive pigs were seen in suckling piglet group (15.6%). The highest prevalence of MRSA positive pigs were detected in farm C (44.2%) with the highest evidence in 3-3.5. month age group (70.8%) and in 4-4.5. month age group (79.2%). Only several milk samples were positive-in farm B (4.0%) and in farm C (7.7%). There were no positive MRSA samples taken from environment.
As seen in Fig. 3, 19 .7% of all samples were MRSA positive (nasal samples 8.2% and 5.6% rectal samples) and 5.9% of all MRSA positive samples were seen in both rectal and nasal samples. Analysing data we found out, that MRSA and S. aureus positive sample distribution depending from sample source is similar. Taking only nasal or rectal samples for MRSA testing decreases probability to find microorganism for 10.2% to 41.7%. According to Bayes' theorem the probability of finding infected pigs with MRSA taking rectal samples is 0.28, nasal samples -0.42, but in both samples 0.30 and the probability of finding infected pigs with S. aureus taking only nasal samples is 0.15, only rectal samples -0.50, and for both samples -0.35.
In our study in 7 cases from one animal two different MRSA spa types were isolated. There were seen two different MRSA spa type combinations: spa type t808 and t1985 in farm C in 3-3.5 month age group and 4-4.5 month age group.
We isolated 74 MRSA isolates with 10 different spa types (see Table IV and Table V against several antibiotics are shown in Table IV . The amounts of different spa types were higher in farms with greater pig production (Farm C) and higher MRSA prevalence (Farm C). We found 3 spa types in farm A, in farm B -4, but in farm C -5 spa types. MRSA spa type t011, that was one of the most widespread (51 from 74), which was evident in all three farms while other spa types were seen in only one farm (Table V) . Analysing MRSA strains, we found out, that spa types t899 belong to ST9, t400 to ST528, but t011 to ST398. Antimicrobial susceptibility testing on the selected MRSA isolates revealed the presence of 19 different antibiotic profiles. Amounts of MRSA spa type distribution among samples are shown in Table VI As seen from our study 69% of MRSA isolates belong to spa type t011 (n = 51), and other most widespread spa types are t808 (7%, n = 5), t1985 (5%, n = 4) and t400 (5%, n = 4). Two to eleven different antibiotic resistance profiles were seen depending on MRSA spa type (Table VI) . The most spread spa types also were the ones with the highest antibiotic profile heterogeneity, for example spa type t011 integrated in to more than one half (n = 10) of antibiotic profiles (Table VI) , while the lowest heterogeneity was evident among MRSA spa type t808 (n = 2). MRSA isolate t1255 from farm worker, which belongs to MRSA isolates from pig origin, had the highly widespread antibiotic type Pen-Cef-Tetr.
Sixty-four percent of the isolates belonged to the two most prevalent antibiotic resistance profiles (Table VII) .
MRSA spa type t011 was almost evident in all most frequently spread antibiotic resistance profiles, but spa type t1985 was evident in antibiotic type Pen-Tetr, PenCef-Tetr and Pen-Cef-Tetr-Me. Most of all MRSA isolates showed multidrug resistance.
The highest antimicrobial resistance was seen against four (34% of all MRSA isolates), three anti biotics (32.9% of all MRSA isolates) and five (17.7% of all MRSA isolates) antibiotics. Lower amounts of isolates were resistant to six (5.1%) and seven (1.3%) antibiotics.
98.7% of all MRSA isolates were resistant to penicillin, 94.9% to tetracycline, 45.6% to cephalexin, 19.90% to amoxicillin combined with clavulanic acid, 11.4% to clindamycin, 10.0% to meropenem, 7.6% to erythromycin, 6.3% to trimethoprim sulphonamide, 3.8% to gentamycin and 1.3% to ciprofloxacin. All isolates were sensitive to vancomycin, but 9 MRSA isolates were intermediate to vancomycin, t011 (n = 5), t693 (n = 1), t899 (n = 2) and t400 (n = 1).
Comparing MRSA spa type antibiotic resistance, we found out, that even between one spa type, there are differences in antibiotic resistance profiles, therefore we calculated average % resistance from all isolated one type MRSA spa types and showed results in graphics (Fig. 4) .
All four most prevalent spa types in our samples differ each from another, but a common tendency can be seen, that is that all these types are almost 80% to 100% resistant to tetracycline and penicillin. spa type t011 is the most widespread compared to other spa types, but has a moderate antibiotic resistance profile, while t400 is mostly resistant to seven of the 12 tested antibiotics.
Among all the most widespread MRSA spa types can be found isolates that are more or less, resistant to penicillin, cephalexin and tetracycline. MRSA resistance was seen even to antibiotics that are not frequently used or are not allowed to be used for food chain animal treatment, such as, gentamycin, ciprofloxacin, cephalexin and meropenem. In some rare cases MRSA isolates showed (not showed in figures) intermediate sensitivity to vancomycin.
Comparing antibiotic resistance in farms (Fig. 5) , greater resistance appears against meropenem and amoxicillin combined with clavulanic acid in Farm A, but in Farm B there is greater resistance against gentamycin, erythromycin and clindamycin. However, there is no evident difference in antibiotic resistance among farms related to farm size and pig number.
Discussion
This study investigated the transmission and distribution of S. aureus and MRSA in individual pigs throughout the production cycle, environment and pig industry workers. Significant findings include the identification and detailed characterisation for the first time of MRSA isolates from Latvian pigs and demonstrated MRSA colonization status between several pig age groups. In addition, this study studied MRSA distribution and antibiotic resistance level tendencies between different pig farms depending from production amounts. It documented tendency in the MRSA distribution and antibiotic resistance profiles according to MRSA spa types. Antimicrobial use is also thought to be a factor in the emergence and transmission of MRSA in pigs and deserves further investigation.
However, it is acknowledged that many factors, in addition to pig colonisation status in farms, are likely to be important influences on carrier status. Such factors might include antimicrobial medication for treatment and prophylaxis, animal welfare aspects and pig density and contact availability to each another. In our study MRSA was not found in environmental samples, but two S. aureus isolates were found (two from air in 3-3.5 old pig group in farm C, where the MRSA prevalence in pigs was higher among all farms), but other investigations have shown MRSA distribution in barn spaces in Germany (Friese et al., 2012) MRSA appears in 23 of 27 investigated pig barns (85.2%) and the prevalence in dust samples appeared 100% whereas in EFSA report (EFSA, 2009c ) the prevalence in dust samples was 0%. In other studies testing dust and farm air were used filtration methods using specific equipment, but we used Koch's sedimentation method, and it could be a reason for such a low MRSA detection level. Failure to detect airborne MRSA and S. aureus in farms by the used Koch's sedimentation method in our study does not guarantee the absence of these bacteria in the air.
MRSA appearing in air samples reveals the difficulties in reducing the spread of bacteria within an animal house. It can be concluded that very effective cleaning and disinfection of the stables including all ventilation systems before stocking with new pigs is necessary to avoid transmission of MRSA between subsequent fattening groups of animals within breeding farms by contaminated premises. Depending on the ventilation system and construction of the industrial house the dissemination of MRSA through the whole building via air seems possible. Occurrence of MRSA in the air may lead also to colonisation of negative animals without direct contact with MRSA carriers (Friese et al., 2012) .
In our study the prevalence of S. aureus and MRSA varied in each age group. The results indicated differences between the farm types with respect to within farm associated MRSA spa type. The average MRSA prevalence in farms (4-44.2%) were little bit lower or similar to other studies in Italy (EFSA, 2009; Batisti et al., 2010) where MRSA prevalence in pig herds warried from 38% to 52%, in Belgium (Pletnickx et al., 2013) 40-84%. Moreover, the holding size was found to be a significant factor influencing the prevalence (Battisti et al., 2010) . Larger farms have showed a higher risk.
This study found the average carriage rate of MRSA was at its highest in 3-3.5 and 4-4.5 old pigs. Burns with co-authors (2014) found the average carriage rate of S. aureus was at its highest on day 2 after farrowing, followed by a decrease prior to weaning and similar findings were reported by other authors (Smith et al., 2009; Weese et al., 2010; Broens et al., 2011; Verhegghe et al., 2011) . In our study the prevalence of MRSA and S. aureus was highest in 3-3.5 and 4-4.5 month old pigs and decreased among fattening pigs, but in Burns study with co-authors (2014) the prevalence of MRSA continued to increase during the 100 day investigation period. According to Weese (2010) and Dewale (2013) increase of MRSA positive pigs recorded at weaning was due to the commingling of positive and negative pigs, stress during weaning, age related susceptibility and contamination of other sites on farms. In our study depending from farms pigs in 3-4.5 month age were moved to fattening buildings and once again regrouping was carried out and different holding conditions appeared causing additional stress. Weaning, regrouping and moving may be a point at which controls could be implemented in order to reduce the transmission of MRSA.
Burns and co-authors have stated (2014) that more than 1/3 of S. aureus isolates were resistant to tetracycline and erythromycin, a similar situation to that seen in our study, moreover 46% of MRSA isolates were resistant to cephalexin and 11% to clindamycin that were not used for pig treatment in farms, but resistance to penicillin, that were used us a first choice antibiotic several years ago and tetracycline that were administrated in these farms during the sample taking process, reached 99% and 95%. Antibiotic usage for prophylactic purposes does not decrease MRSA distribution. The MRSA distribution in farm B, where antibiotics are used for prophylactic purposes, are little lower as in Farm C, where antibiotics were used for treatment only but quite higher than in farm A, where also antibiotics were used for treatment purposes only. Similar parallels from our study to Italian study (Normanno et al., 2015) are seen in antibiotic resistance profiles, where mostly MRSA isolates were multidrug resistant, including resistance to clindamycin, tetracycline, erythromycin. A study from Denmark showed that spa type t034 were the most widespread, whereas other authors (Tenhagen et al., 2009; Broens et al., 2011; Crombe et al., 2012; Friese et al., 2012; Pletinckx et al., 2013) and our study most frequently found spa type t011, that was isolated from all farms. MRSA t011 spa type was also found in Belgium poultry farm (Nemati et al., 2008) , in Denmark (Agerso et al., 2012) , in Italy (Normanno et al., 2015) . spa type "t899" that we detected in our study, was found in Normanno's research (Normanno et al., 2015) . According to Fishers' test value (1.1 × 10 -11 ) statistically significant differences were found regarding the origin of samples, and MRSA spa types isolated from farms. One another spa type t1333 that was found in our study, was one of the most frequently found MRSA spa type in a study by Tehnagen and co-authors (2009) . Our study agrees with Pletinckx and co-authors (2013) , where different antimicrobial resistance profiles per spa type and per farm appear.
Human infectious caused by MRSA are one of main causes of morbidity and mortality in industrialized countries. In addition to the traditional routes of MRSA infection, it has recently been demonstrated that direct transmission to humans takes a place via contact with farm animals (Wendlandt et al., 2013) . A lot of studies on spread of MRSA in farm animals and their carcases have included pigs, which are currently the most important reservoir of MRSA (Gomez-Sanz et al., 2010; Overesch et al., 2011) .
The high presence of MRSA in pigs is a potential professional hazard for these working in the meat production chain (workers in farms and slaughterhouses, transportation workers and veterinarians). It is known that people working several hours per week in direct contact with pigs colonized or infected with MRSA animals are exposed to high risk of nasal colonization (Voss et al., 2005; van Loo et al., 2007; Witte et al., 2007; Denis et al., 2009; Moodley et al., 2011) . The general population shows a high prevalence (approximately 30%) of S. aureus nasal colonization, whereas MRSA nasal colonization levels are lower (0.7-1.5%) depending on geographical area (Wertheim et al., 2004; Gorwitz et al., 2008; Munckhof et al., 2009) . Human colonization implies that carriers become a staphylococcal reservoir and may transfer the infection to others or animals, especially pigs. In addition, subclinical carriage of MRSA by humans is considered a risk factor for subsequent occurrence of clinical disease (Cohn and Middleton, 2010; Jordan et al. 2011) . Many studies have investigated MRSA nasal colonization among personnel in contact with animals, especially farmers and veterinarians (van Cleef et al., 2014) . In our survey, the anterior nares 1 out of 15 investigated workers from farms were colonised by MRSA, that were higher than in other studies: in China no MRSA in 107 slaughterhouse workers (Cui et al., 2009) in Switzerland no MRSA in 179 slaughterhouse workers (Huber et al., 2010) , in Netherlands 5.6% of nasal carriage from 195 pigs in slaughterhouse, which was higher than the prevalence 0.1 among the general population of the country (van Cleef et al., 2010) . High con-centration of MRSA in barns may also be an issue of occupation health. It has been proved in several studies that humans working in pig farms carry MRSA of the same sequence type as swine (Cunny et al., 2009; Van Den Broek et al., 2009) . Considering the MRSA and Staphylococcus aureus occurrence in worker nares sample, this fact is not surprising since the stuff do not wear any respiratory masks and are in close physical contact with pigs. In addition, their hands, equipment, clothes and boots can serve as infection transmitters and contaminants.
Antimicrobial resistance is increasing worldwide in human bacterial pathogens and zoonotic agents and this may cause a risk for effective treatment of infections in humans. Multidrug resistance was prevalent in our MRSA isolates in all groups -from pigs and worker in farms. Most of all isolates displayed resistance to two or more classes of antimicrobials and some of them were resistant or with intermediate sensitivity to vancomycin, that indicate development of resistance to that antibiotic. These findings are in agreement with other studies of high MRSA prevalence and antimicrobial resistance in isolates from pigs, pork and humans (Batisti et al., 2010; Jackson et al., 2013) . As expected 99% of isolates were resistant to penicillin and 95% to tetracycline, but quite high resistance appears to cephalexin (46%), amoxicillin combined with clavulanic acid (10%), clindamycin (11.4%), meropenem (10%) and erythromycin (7.6%). Several studies have showed 100% resistance to MRSA isolates (van Duijkeren et al., 2008; Batisti et al., 2010; Fesler et al., 2012; Crombe et al., 2013) and Pletinckx (2013) have found high resistance to trimethoprim, lincomycin and ciprofloxacin.
Finally, it is known that MRSA prevalence and spa types differ according to farm density and animal welfare conditions. In farms with higher amount of pigs, several evident scars and purulent lesions on joints MRSA prevalence and thought different MRSA spa types were found higher as in others. The pigs used in our study originated from different farms in our country, and this could be the reason for the wide heterogeneity of the MRSA spa types we found. An unexpected finding was that in farms, where pig condition score was lower and reduced sow fertility was in presence, staphylococcal colonisation rate was lower than in farms where pig condition score were higher and better animal welfare conditions were evident. In addition no significantly lower staphylococcal colonisation in farm B, compared to other farms, were seen, despite antibiotic usage for prophylactically purposes.
As far as we know, this is the first report documenting the prevalence and characteristics of MRSA in farms and stuff involved in pig industry in Latvia and MRSA detection in sow milk.
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